Hepatitis C virus (HCV) has been shown to affect many tissues other than liver. However, of the many extrahepatic manifestations (EMs) that have been associated with HCV, including cryoglobulinemia, lymphoma, insulin resistance, type 2 diabetes and neurological disorders, only a few have been shown to be directly related to HCV infection of extrahepatic tissues. HCV-triggered immune-mediated mechanisms account for most of the EMs. It is estimated that up to 74% of patients with chronic hepatitis C can develop at least one EM. All HCV patients with EMs should be considered for antiviral therapy, although not all will resolve with sustained virological response.
Introduction
Approximately 130-170 million people, or 3% of the world's population, are chronically infected with the hepatitis C virus (HCV). It is a major public health problem, with an estimated 3-4 million people infected each year worldwide. In the USA, chronic hepatitis C (CHC) is one of the most significant causes of liver-related death and the most common indication for liver transplantation. 1 Recently, the Centers for Disease
Control and Prevention reported about 30,500 new cases of HCV in the USA, and estimated the number of chronic cases to be 2.7-3.9 million. 2 It should be emphasized that every year more than 350,000 patients die from HCV-related liver diseases, and mortality rates in HCV-infected patients are three times higher than those in the general population.
It is known that CHC can lead to cirrhosis and hepatocellular carcinoma. The main site of HCV replication is in hepatocytes, which explains the significant liver damage that it causes. However, it is well known that the virus is not hepatotoxic, and the majority of the injury in the liver is caused by a cell-mediated immune reaction against infected liver cells. Similarly, immune abnormalities resulting in autoimmunity may be involved in the development of extrahepatic manifestations (EMs) (Fig. 1) . EMs of CHC can be classified by the affected organ, system, or pathological mechanism. However, the strength of accessible evidence linking them to CHC varies. 3 The clinical presentation of patients with CHC range from subclinical cases to very serious immunological diseases. Indeed, sometimes, autoimmune manifestations linked to HCV infection lead to the diagnosis of HCV infection. 4 This review aims to outline EMs, discuss strategies for early diagnosis and discuss the evidence supporting proposed mechanisms of development of autoimmune and lymphoproliferative conditions associated with HCV infection.
Cryoglobulinemia and immune complex disease
Cryoglobulins are immunoglobulins that often produce organ damage through either a hyperviscosity syndrome or immunemediated mechanism. 5 Although cryoglobulinemia can be caused by many infections and disorders, it is most frequently described among HCV patients. In two studies, 36-54% of HCV-infected patients had detectable cryoglobulins and 25% displayed clinical symptoms related to cryoglobulinemia. 6, 7 Depending on the clonality and type of immunoglobulins, there are three basic types of cryoglobulinemias. During chronic HCV infection, cryoglobulins are immunochemically characterized as type II or type III cryoglobulins, a mixture of monoclonal IgM with polyclonal IgM and IgG immunoglobulins. 8 The primary mechanism of injury in type II cryoglobulinemia is a vasculitis triggered by immune complex deposition. Although mixed cryoglobulins are found in between 40% and 60% of HCV-infected patients, overt cryoglobulinemic vasculitis is only observed in around 10% of those patients. 5 The main clinical manifestations include cutaneous vasculitis with palpable purpura (18-33%), arthralgia-myalgia (35-54%), neuropathy (11-30%) , and renal complications, such as glomerulonephritis (27%). [9] [10] [11] Sene et al. 8 concluded that cryoglobulinemic vasculitis was associated with older age, longer duration of infection, mixed cryoglobulinemia (MC) type II, and higher mixed cryoglobulins' serum levels. In a recent retrospective Italian study on 231 patients with MC, HCV infection was positive in 155 (92%), and the leading causes of death were associated with vasculitis (46%), cancer or hemopathy (23%), and liver disease (13%). 12 Increased mortality in patients with MC is connected with the presence of renal, intestinal and liver involvement, cardiovascular disease, infection, and lymphoma. 13 Some studies have demonstrated the presence of HCV RNA negative strand in B-cells of patients that are chronically infected with HCV. Expression of the HCV-encoding nonstructural (NS) proteins NS3 and NS5 in peripheral blood mononuclear cells indicates that HCV not only replicates but also generates HCV proteins. 14, 15 While the cluster of differentiation (CD) 81 protein, which is expressed in B-cells, has been shown to be an entry receptor for HCV, not all HCV strains are lymphotropic. It has been recently shown that HCV tissue tropism is genetically determined by the presence of viral proteins and the 5′-untranslated region sequences. Additionally, some studies have demonstrated the co-stimulatory receptor CD86 interferes with HCV lymphotropism involving memory B-cells. Moreover, binding of CD86 to HCV indicates the inhibition of memory B-cell function and increases the differentiation of memory B-cells in IgM-secreting plasmablasts. 16, 17 Furthermore, MC is associated with HCV in up to 90% of cases that are characterized by a monoclonal IgM with or without evident cryoglobulinemia-associated vasculitis. 5 Moreover, approximately 10% of patients with MC have associated lymphoproliferative disorders, and cryoglobulinemia carriers show a 35-times increased risk of development of non-Hodgkin's lymphoma (NHL). It has been shown that CM is characterized as a clinically benign pre-lymphomatous disease in which liver B-cell clones resemble a low-grade NHL. 17, 18 On the other hand, in MC patients, expansion of selective VH1-69+ expressing memory B-cells demonstrated that B-cells of HCV-associated MC are highly restricted. 17, 19 B-cell lymphoproliferative diseases HCV has also been shown to be a lymphotropic virus 20 and associated with several lymphoproliferative disorders, including monoclonal gammopathies in addition to MC and B-cell NHL. 21 This association was reported in one meta-analysis of epidemiological studies, with HCV prevalence of 17% in B-cell NHL patients compared to 1.5% in healthy controls. 22 Diffuse large B-cell NHL and marginal zone lymphoma are most frequently associated with HCV. Patients positive for anti-HCV antigen had a 2.5-fold increased risk of NHL versus controls, which doubled after adjusting for sex and age, regardless of primary site of presentation (nodal or extranodal). 18 HCV infection of lymphocytes could play a direct role in cellular transformation, specifically in de novo large B-cell lymphoma. 17 HCV infection of two B-cell lines produced mutations in tumor suppressor and proto-oncogenes which were identified in HCV-associated B-cell lymphomas. 23 Over the two last decades, two particular although not mutually exclusive models of infection-driven transformation have appeared. Direct lymphocyte transformation by lymphotropic transforming viruses (Epstein-Barr virus, human herpesvirus 8, and human T-lymphotropic virus type 1) expressing viral oncogenes has been reported. However, a model of lymphocyte transformation finally leading to clonal expansion as an indirect mechanism of pathogenesis has been proposed. Mucosa-associated lymphoid tissue lymphoma must be ruled out. 24 Sustained stimulation of lymphocyte receptors by viral antigens, viral replication in B-cells, and damage of B-cells have been proposed as mechanisms of pathogenesis. 25 Findings from numerous studies support a significant role for HCV envelope glycoprotein E2 in indirect transformation. It has been shown that E2 binding to its receptor on B-cells (i.e. CD81) facilitates the assembly of the CD81/CD19/CD21 costimulatory unity. 17 Nevertheless, HCV may attach concurrently to CD81 and a specific B-cell receptor on B-cells to trigger B-cell activation and proliferation. However, the E2-CD81 complex displays a significant role in activating B-cells by decreasing their threshold of activation.
Chronic viral antigen stimulation may represent an important role in aberrant B-cell proliferation. 26 Hence, expression of HCV viral proteins in B-cells of HCV-infected patients upregulates B-cell receptor signaling. Pro-inflammatory cytokines, such as the interleukins (ILs) IL-6, IL-17 and IL-10, and transforming growth factor-beta (commonly referred to as TGF-b) have also been reported to contribute to aberrant B-cell proliferation. 27 
Diabetes and insulin resistance (IR)
Several clinical studies have suggested an association between chronic HCV infection, IR and diabetes mellitus (DM) by demonstrating that patients with CHC have an increased risk for developing DM compared with uninfected individuals. 28 The epidemiological observations found that type 2 diabetes mellitus (T2DM) developed in 14.5-33% of patients with CHC. 29, 30 The broad range of these findings may be the result of various factors, including age, ethnicity, body mass index, the prevalence of diabetes, viral load, and HCV genotype.
Antonelli et al. 31 reported that the prevalence of T2DM was higher in patients with HCV-related cirrhosis than in those with cirrhosis resulting from other liver diseases. In addition, White et al. 32 showed that CHC was associated with an increased risk of T2DM in comparison to uninfected and hepatitis B virus (HBV)-infected controls. Data from the National Health and Nutrition Examination Survey (commonly known as NHANES) database in the early 1990s showed an independent association of IR and DM with HCV infection. Later NHANES studies failed to confirm these associations, probably due to the increase of other risks for DM, including a rapid increase in the prevalence of obesity. 33 However, many other studies have shown a causal relationship between HCV infection and IR. 34 For instance, the homeostasis model for assessment of insulin resistance (commonly referred to as HOMA-IR) showed that HCVinfected patients had significantly higher levels of IR compared to HBV-infected patients matched for body mass index, waist circumference, age, and gender. 35, 36 In addition, a large longitudinal prospective cohort study of Taiwanese patients found that CHC was an independent predictor of diabetes, especially for anti-HBV-positive, overweight, younger people. 28 HCV-associated IR correlated with poor outcomes by accelerating the progression of hepatic fibrosis and the development of hepatocellular carcinoma, in addition to reducing sustained virologic response (SVR) rates. 37 Genetic and dietary factors influence the development of T2DM. However, less is known about the role of some environmental factors, such as viral infections. Recently, some studies have shown the possible effect of HCV infection on the fate of mouse insulinoma 6 (commonly known as MIN6) cells, which is a mouse insulin-producing pancreatic beta cell line used broadly for diabetes studies. The findings demonstrated that HCV represents an independent risk factor for physiologic control of beta cell death in the pathogenesis of diabetes development. As shown in some studies, the presence of isolated virus was required to induce cell death (62.1+2.01%) compared with the virus-free culture supernatants that did not result in beta cell failure (18.9+0.28%). Analogous results were achieved with CON1 culture medium and deactivated HCV, in that HCV inhibited pancreatic beta cell proliferation by directly inducing the death of MIN6 cells. 38 Furthermore, various experiments have demonstrated that IR precedes the development of hyperglycemia in patients that may develop T2DM. T2DM only develops in insulin-resistant people presenting the beginning of beta cell dysfunction. 39, 40 The notion of insufficient beta cell mass as a significant factor in the pathogenesis of T2DM has been broadly acknowledged. Beta cell mass plays an important role in determining the amount of insulin that is secreted to sustain the body's glucose levels within a tight range. Acute insulin response is subnormal in patients with HCV infection. However, it is uncertain whether IR alone induces diabetes without underlying deterioration of beta cells. On the other hand, potential effects of the virus on beta cells are not known yet, and there is no in vitro model to examine the hypothesis that HCV infection is directly related to damage of human beta islet cells.
Cardiovascular and cerebrovascular disease
HCV infection is a proven independent risk factor for the development of cardiovascular disorders and higher cardiovascular mortality, which directly impacts the prognosis of the patient. 41 Despite having a more favorable lipid profile than healthy controls (uninfected individuals), 42 patients with CHC have shown an increased risk of cardiovascular disorders. 43 In one Taiwanese study, patients with CHC had an almost 1.5-fold higher risk of developing peripheral artery disease than uninfected individuals, 44 and this number increased in patients with increasing age and comorbidities.
The HCV viral load was independently associated with early, asymptomatic carotid atherosclerosis, having higher risk of peripheral artery disease. 45 Consistent with this finding, several studies showed increased rates of overall and cardiovascular mortality among patients with detectable HCV RNA. 46 HCV infection was also an independent predictor of stroke and cerebrovascular death. 47 One Asian and two Italian studies showed association with carotid atherosclerosis, suggesting that HCV infection could have a direct role in initiating the atherosclerotic plaque independent of other risk factors. 48, 49 This was supported by the finding that HCV induces the production of a pro-atherogenic cytokine, increasing the plaque instability and the risk of cardiovascular event. 50 The most common cardiovascular manifestations are acute coronary syndrome, myocarditis, and dilated or hypertrophic cardiomyopathy. Most patients, during HCV infection, develop chronic inflammation of the myocardium, dilated cardiomyopathy, necrosis and loss of myocytes. HCV infection induced proliferative stimuli, but since myocytes do not replicate, it was concluded that HCV infection promotes hypertrophy. 51 Both direct viral cytotoxicity and indirect immune-mediated mechanisms may be involved in the pathogenesis of cardiovascular manifestations.
HCV stimulation of toll-like receptors, in one study, induced a CD4+ Th1 response that stimulated macrophages to produce proinflammatory cytokines, especially IL-1 and tumor necrosis factor-alpha (commonly referred to as TNFa). This process recruits inflammatory factors towards the myocardium and, therefore, represents a risk factor for myocarditis and cardiomyopathies. TNF-a caused negative inotropic effects in cardiac myocytes and stimulated the production of nitric oxide, decreasing the contractile function of the heart. Another important mechanism is gene polymorphisms in autoimmunity for human major histocompatibility complex (commonly known as MHC) class II, which may play a role in susceptibility to HCV infection. 52 Recent evidence suggests that HCV infection is connected with cardiovascular abnormalities involving carotid atherosclerosis, 45 although not all the findings from various studies agree. Also, SVR obtained with interferon (IFN)-based regimens was found to improve cardiovascular outcomes. 37 Petta et al. 53 revealed that in HCV patients with fibrosis and compensated cirrhosis, HCV eradication by direct-acting antiviral agents (DAAs) ameliorated carotid atherosclerosis and reduced intima-media thickness, carotid thickening, and cerebrovascular and cardiovascular incidents. No changes were found in untreated patients. That study was a large prospective study on a cohort of patients with compensated HCVassociated cirrhosis who had undergone DAA-based antiviral or IFN therapies. A notable decrease in cardiovascular incidents occurred with SVR. However, this study did not distinguish between outcomes based on DAA or IFN treatment. 54 Earlier retrospective analyses of a large cohort of patients in the USA demonstrated that DAA therapy decreased the frequency of cerebrovascular and cardiovascular incidents in patients with cirrhosis, in addition to decreasing the risk of cardiovascular events in patients without cirrhosis. 55 Moreover, Petta et al. 56 demonstrated that HCV eradication by DAA led to an increase in serum cholesterol levels, and an amelioration in blood glucose levels. This is consistent with results previously reported from cohorts of HCV patients who used DAA and IFN-based agents. Some evidence has been found linking the virus to interference with lipid metabolism and cellular glucose. 57 Finally, it was demonstrated that in patients with compensated cirrhosis and fibrosis due to HCV infection, SVR by DAA ameliorated carotid atherosclerosis, which was confirmed by stratification for cardiovascular risk factors and liver disease. However, further studies are necessary to elucidate the long-term clinical implications of these results. 58 
Neuropsychiatric disease
Up to 50% of patients with CHC express neuropsychiatric manifestations, including peripheral polyneuropathy, central nervous system manifestations, and neuropsychological/psychiatric manifestations. 41 Compared with the general population, HCV-infected patients have a higher prevalence of mental illness and substance abuse. 59 Although this can be partly explained by the higher incidence of risk behaviors among persons with psychiatric disorders that result in HCV exposure, the recent literature suggests that the association of HCV infection with an increased prevalence of neuropsychiatric symptoms is not dependent of preexisting mental disorders or high-risk behaviors. 60 Positive and negative strand HCV RNA amplification is found in brain tissue and cerebrospinal fluid, suggesting active replication. HCV has been detected in astrocytes and macrophage-microglial cells by immune-based methods, 61 but the attempt to directly infect astrocytes with HCV suggested that engagement of HCV with astrocytes leads to direct neurotoxicity by strong IL-18 induction. 62 Furthermore, the activation of toll-like receptors in dendritic cells caused retraction of neuronal processes mediated by extracellularsignal kinase (commonly referred to as ERK). 63 Depression, chronic fatigue, and other neuropsychiatric symptoms affect the quality of life of patients with HCV infection. However, the revelation of the diagnosis itself is often accompanied by feelings of depression or anxiety. 64 The treatment can further impair patient quality of life due to adverse effects, leading to poor treatment compliance which can be further compromised given the underlying mental illness. Mental health should be assessed prior to starting antiviral therapy because patients with a history of depressive disorder have a greater risk of developing depression during HCV treatment.
Patients may be treated with antidepressants or anxiolytic treatment before initiating antiviral therapy. 65 Poor healthrelated quality of life (HRQoL) leads to decreased feelings of self-value and utility, depression, and consequently difficulties with interpersonal relations. The HRQoL of patients with CHC was found to be low compared with controls, which could not be attributed to cirrhosis because patients with cirrhosis were excluded from the study. 66 In some cases, the treatment also causes symptoms that compromise HRQoL. 67 On the other hand, HCV eradication improves HRQoL. 68 A study on sofosbuvir (SOF) clinical trials showed that SOF and ribavirin combination was not associated with HRQoL impairment compared to placebo, and that IFN-containing regimes caused significantly more impairment in HRQoL compared to SOF. 69 Overall management of CHC is often overlooked, and that is the reason why psychosocial assessment is important for quality of life and treatment compliance. 70 Studies have shown that up to 28% of patients with CHC have depression. 71 Although it is certainly a direct consequence of psychological burden, HCV also acts by alternating serotoninergic and dopaminergic neurotransmission. 72 Depression is a consistent negative predictor of HRQoL in IFN-containing regimes, but achieving SVR has been shown to improve depression. 73 Cognitive impairment is a common symptom in persons with end-stage liver disease, confirmed by the Hepatitis C Antiviral Long-term Treatment against Cirrhosis (also known as HALT-C) trial, wherein 33% of patients with advanced fibrosis were found to have mild cognitive impairment. 74 Forton and co-workers 75 showed an association of cognitive impairment with the presence of HCV, independent of the other neuropsychiatric symptoms, advanced fibrosis and cirrhosis, or a history of substance abuse. It is still unclear if this Journal of Clinical and Translational Hepatology 2019 vol. 7 | 172-182condition is a direct consequence of the infection or can be related to other comorbidities found in this population, although one pilot study suggested that HCV-infected patients who did not have other comorbidities still had higher levels of cognitive impairment than healthy controls. 76 However, a prospective clinical trial has shown significant improvements in cognitive function after successful eradication of HCV infection. 77 Fatigue is one of the most disabling complaints reported in more than half (prevalence: 50-67%) of HCV-infected patients before HCV treatment, and it independently predicts poor HRQoL. 78 In one prospective study, HCV was present in 53% of patients with CHC and associated with older age (over 50 years), female gender and the presence of cirrhosis. 79 The rate of fatigue decreased significantly in patients with SVR, suggesting a direct role of the HCV infection. 80 Organ-specific autoimmune diseases
Thyroid disease
Thyroid dysfunction, including chronic thyroiditis, hypothyroidism and hyperthyroidism, has been associated with HCV infection. 81 An autoimmune mechanism has been proposed because of the prevalence of antithyroid autoantibodies from 4% to 15%. 82 However, the role of HCV remains unclear. Patients with CHC are more likely to have increased levels of serum anti-thyroperoxidase and anti-thyroglobulin autoantibody than the general population, possibly due to the activation of helper T-cells. 83 The development of thyroid disease was described in 11% of male HCV patients in one study, that was responsive to the treatment and reversible. 84 Recently, it was confirmed that HCV could directly infect a human thyroid cell line, ML1, in vitro. On the other hand, studies have shown that dysthyroidism is mediated by immunological mechanisms rather than by direct HCV infection. The pathogenesis may involve changes in self-antigen expression and sustained stimulation of the immune system by HCV, bystander activation of autoreactive T-cells by cytokine release, infection of the lymphatic cells, chromosomal aberrations and abnormal expression of MHC class II molecules by thyrocytes, or cross-reactivity between viral antigens and thyroidal antigens. 85 IFN treatment is associated with a wide range of side effects, among which thyroiditis is the most common. 80 The prevalence is hard to establish due to mild symptoms and masking by other side effects or thyroid dysfunction related to the HCV infection itself. 81 A classification for IFN-induced thyroiditis was proposed by Mandac et al., 82 distinguishing two groups of disease: autoimmune (positive antithyroid autoantibodies in euthyroid patients, Hashimoto thyroiditis, and Graves' disease) and non-autoimmune (destructive thyroiditis and non-autoimmune hypothyroidism). The main immune effects of IFN-a are increased expression of MHC class I antigens on cells, immune response switching to a Th1 pattern, and enhanced activity of lymphocytes, macrophages and natural killer cells. IFN-a can also have a direct effect through the JAK-STAT signaling pathway, by activation of IFN-stimulated genes such as cytokine and adhesion molecule genes. Additionally, IFN-a can induce the necrosis of thyroid cells. 83 
Renal disease
Renal involvement is one of the most common severe manifestations of MC. 86 Studies have shown that patients with HCV infection are 40% more likely to develop endstage renal disease than the general population. 87 Renal manifestations of CHC mostly include type I membranoproliferative glomerulonephritis (MPGN) with subendothelial deposits. 88 Many clinicians recommend annual screening for microalbuminuria, microscopic hematuria, and the initial stage of renal insufficiency in patients with CHC. The Kidney Disease Improving Global Outcomes (also known as KDIGO) group recommends that all patients with kidney manifestations should be tested for HCV, and if positive treated with IFN-based antiviral treatment. 89 It is important to emphasize that renal manifestations represent the main clinical feature of MC, reported in 14% to 63% of those patients. 90, 91 An acute or chronic type-I MPGN was found in 70% to 80% of cryoglobulinemic renal diseases. A typical renal presentation in MC consists of glomerular proteinuria, hematuria, and nephrotic or nephritic syndrome. Histology is typical of renal cryoglobulinemia, with glomerular endocapillary proliferation of macrophages and diffuse thickening of the glomerular basement membrane. 86 Four pathogenic mechanisms of acute and chronic HCVmediated renal syndromes have been proposed: direct viral invasion of the renal parenchyma; glomerular immune complex deposition; renal complications of extrarenal manifestations; and nephrotoxicity of antiviral drugs. Perivascular inflammation and luminal occlusion by cryoglobulins and fibrin thrombi due to endothelial injury and small vessel necrosis lead to focal fibrinoid necrosis in the glomerulus. The renal tubules have ischemic and inflammatory lesions, the interstitium is edematous, and the ureteric and bladder mucosa show vasculitic purpuric lesions. The key element in the mechanism of vascular injury is C1q, the active complement component in the cryoglobulin complex. It causes endothelial injury by binding to endothelial complement receptors and activating the complement cascade via the classical pathway. This activation stimulates chemotactic factors C3a and C5a to recruit pro-inflammatory leukocytes, and the formation of the membrane attack complex C5-9. 92 The main histological diagnostic clue is the deposition of cryoglobulins in the capillaries, caused by complement-activated glomerular endothelium and its adherence to the circulating cryoglobulins.
MPGN may occur many years after HCV infection. The mechanism is thought to be immune complex-mediated, with the formation of antigen-antibody immune complexes from chronic infection. These complexes activate the classical pathway of complements and cause deposition of immunoglobulins and complement factors in the capillary walls. Also, in patients with positive HCV RNA and MPGN, HCV-NS3 viral antigen deposits were detected in kidney tissues. 93 
Pulmonary disease
Idiopathic pulmonary fibrosis (IPF) is a serious condition associated with HCV infection. It is clinically characterized by dyspnea and nonproductive cough, and histologically by interstitial inflammation with dense collagen fibrosis. 64 One large retrospective study in Japan compared patients with HCV infection or HBV infection with a control group. 94 The incidence of IPF was significantly higher in patients with CHC compared to the other two groups (0.3% at the end of the 10th year in HCV patients and none in the HBV patients), and risk factors were smoking, age, and cirrhosis.
HCV RNA was detectable in bronchoalveolar lavage fluid and lung biopsies, suggesting the direct involvement of the virus in IPF. 95 However, it was concluded that immune complexes had no role in causing the IPF because immune complexes were not detected by fluorescence microscopy of the lung biopsies. A key event in the pathogenesis of IPF is virusinduced immune-mediated fibroblast activation. An increase in the levels of IL-4 and IL-13 has been shown to result in the fibroproliferation and increased production of extracellular matrix proteins which deposit in the lungs, causing pulmonary fibrosis. 96 Furthermore, HCV can exacerbate chronic obstructive pulmonary disease directly by causing chronic inflammation with increased levels of IN-8 and TNF-a, and indirectly by triggering T-lymphocytic response. IL-8 mediates cellular recruitment and propagates pulmonary inflammation, directly provokes bronchoconstriction and stimulates neutrophil activation. A recent study discovered a role of one HCV gene product in inducing IL-8 in lungs, suggesting that HCV can modulate the pathogenic process of obstructive pulmonary diseases. 97 
Dermatological diseases
HCV infection causes dermatological disorders in 17% of patients. The most common conditions are purpura and Raynaud's phenomenon. 98 Palpable purpura occurs in up to 90% of cases. It is caused by extravasation of red blood cells into the dermis and appears on the skin of lower extremities. Raynaud's phenomenon is characterized by intermittent vasospasm provoked by the cold environment or emotional stress, causing cyanosis and pain of the distal digits. 99 Many other skin disorders have been associated with CHC, including porphyria cutanea tarda (PCT), lichen planus (LP), and necrolytic acral erythema.
PCT is the most common form of porphyria, caused by a deficiency of hepatic uroporphyrinogen decarboxylase and characterized by painful vesicular lesions on sun-exposed regions of the skin. 64 Up to 50% of PCT patients have markers of HCV infection, although a wide geographical variation in prevalence suggests the role of other genetic and environmental cofactors, such as iron overload and oxidative stress. 100 The link between porphyrias, CHC and iron overload may lie in the increase in the rate of uroporphyrinogen oxidation to uroporphyrin. HCV increases iron stores and inhibits uroporphyrinogen decarboxylase, resulting in an accumulation of uroporphyrin and other carboxylated porphyrins in the skin, which causes the typical skin manifestations upon exposure to sunlight. Also, in the presence of uroporphyrin, photoactivation of the complement system leads to activation of mast cells and proteases, causing dermal-epidermal splitting. 101 Therapy with IFN and ribavirin may exacerbate PCT manifestations, and patients may particularly benefit from IFN-free regimens.
LP is also strongly associated with CHC. Chronic LP is considered a premalignant condition, with the potential to progress to squamous cell carcinoma, especially when involving the oral cavity. In one study, among patients with oral lichen planus (OLP), 62% had HCV antibodies and 60% had HCV RNA. 102 However, the link between HCV and LP is controversial. It is impossible to ascertain if HCV infection has occurred before or after skin lesions because most of the studies have been retrospective. The effect of IFN therapy has also been inconsistent, with both progression and regression reported, making it harder to elucidate the causal relationship. 103 A hypothesis for the pathogenesis of LP suggests a T-cell mediated autoimmune reaction to a viral protein or a selfepitope shared by the virus. Cytotoxic CD8+ T-cells attack basal keratinocytes, which present those proteins. The subepithelial infiltration of natural killer cells, CD8+ cytotoxic Tcells, and myeloid and plasmacytoid dendritic cells releasing Th1-cytokines is the main feature of the immune dysregulation in lichenoid tissue reactions. It has been demonstrated that type-I IFNs induce the epithelial expression of myxovirus resistance protein 1 and cytotoxic T-lymphocytes' recruitment by IP-10/CXCL10-CXCR3 interaction. Proposed factors for initiation of lichenoid inflammation are viral antigens and xenobiotics presented by basal keratinocytes to immune cells. HCV may even be involved in the pathogenesis of OLP, with HCV-antigen specific CD4 and CD8 T-cells in the lesional cell-infiltrate of HCV, resulting in the basal cell epithelial damage. 104 There is a lack of information regarding the association among HCV-associated OLP and IFN-free DAA therapy. Misaka et al. 105 reported a case of OLP during periodontal treatment. The patient was treated with IFN-free DAA which resulted in the amelioration of the symptoms of OLP. More investigations are necessary to evaluate the therapeutic outcomes of this therapy in these patients. The response to IFN as well as that of ledipasvir-SOF suggests that different mechanisms may be responsible for the observed effects on LP. Wiley et al. 106 reported that both ledipasvir and SOF exacerbated LP, which was the first report of that kind. Moreover, upon achieving SVR with ledipasvir-SOF, their patient developed new cutaneous and genital LP. Accordingly, the authors warned of the potential of an exacerbation of LP.
Necrolytic acral erythema, characterized by painful erythematous skin lesions involving acral skin surfaces is pathognomonic for CHC. 107 Although the etiology is not entirely clear, impairment in the regulation of zinc, which can occur in CHC, is thought to be involved. 108 
Ocular disease
Several ocular manifestations have been associated with HCV. Dry eye syndrome and ischemic retinopathy are the most common. Mooren ulcer is a rare ocular complication associated with CHC characterized by progressive stromal ulceration, probably due to the autoimmune process against target antigens in the corneal stroma, 109 which improves after IFN treatment. 110 The prevalence of HCV infection in patients with primary Sjogren's syndrome (SS) was comparatively higher than in the general population, although varying geographically in different studies. Cacoub et al. 111 found xerostomia and/or xeroftalmia symptoms in 10% of HCV patients. The prevalence of SS was found to be 11.9% in HCV-infected patients, whereas HCV infection was found in less than 5% of SS patients. 112 The role of HCV infection in the pathogenesis of SS remains controversial because no evidence of HCV infection was found in patients with primary SS in the United States. 113 HCV-positive SS patients suffer from vasculitis, peripheral neuropathy, and cancer more frequently than Journal of Clinical and Translational Hepatology 2019 vol. 7 | 172-182uninfected SS subjects, and display positivity for rheumatoid factor and serum cryoglobulinemia more frequently. 114 HCV can infect and replicate in the salivary and lacrimal gland tissues. The virus is thought to initiate autoimmune reactions by inducing the expression of neoantigens due to molecular mimicry between viral and host antigens. This results in the production of auto-antibodies and cytotoxic Tcells directed against the host's tissues. The presence of certain periductal and perivascular infiltrates made of B and T CD4 lymphocytes was observed in the lachrymal gland of HCV patients. 115 After the initiation of the immune response in glandular cells, there is an up-regulation of adhesion proteins and an increased production of chemokines that promote activity of antigen-presenting cells. This eventually leads to overproduction of immunoglobulins, autoantibodies and memory lymphocytes. 116 The release of pro-inflammatory cytokines induces apoptosis of glandular epithelial cells, with auto-reactivation of the lymphocytes by released epitopes. This leads to destruction of the glandular parenchyma and decrease in the lachrymal secretion.
Arthritis
Arthralgia and arthritis are frequently observed EMs. Arthralgia is reported in 40-80% of HCV-infected patients, 117 affecting mainly knees and hands with bilateral and symmetric pain. Rheumatoid factor activity is found in 70-80% of patients, but antibodies to cyclic citrullinated peptides are absent, which is useful in distinguishing rheumatoid arthritis (RA) from HCV arthritis. Furthermore, there are no erosive joint changes in HCV arthritis, and it often does not respond to anti-inflammatory therapy. Besides, symptoms of arthralgia and arthritis are common in adults with other forms of liver disease. According to some studies, the prevalence of these EMs was similar in patients without HCV. 118 Patel et al. 119 identified only 5% HCV patients with RA, and they were younger, predominantly Afro-American, and smokers.
Lymphotropism of HCV plays an important role in the pathogenesis of autoimmune disorders. Chronic stimulation of the immune system by viral proteins is responsible for autoantibody production, such as of cryoglobulins and rheumatoid factor. Furthermore, increased IL-6 levels play a role in RA and HCV-related arthritis but this is not related to HCV viremia. Although still not elucidated, possible mechanisms in which HCV triggers arthritis include direct invasion of the synovial tissue, autoimmune response to the virus, and immune complex or cryoglobulin deposition which may trigger local inflammation in the synovium. However, anti-CCP antibodies, found in 60-75% of patients, are specific for RA (96-98%) and more predictive of more aggressive and erosive RA. 120 
Therapeutic implications
International recommendations on the treatment of HCV patients with EMs are still not developed. DAAs are a new medication with short duration of treatment, minimum adverse effects, and almost 100% efficacy. 121 Effective antiviral treatment significantly improved the symptoms of EMs and reduced the risk of complications, so it should be given to all HCV patients with EMs, even if the liver disease is not serious and there is no hepatic fibrosis.
Regimens based on DAAs should be considered the standard approach for patients with EMs, who should be treated according to the DAA international recommendations for monoinfected patients. Patients with a more severe condition should be treated first, in case of limited resources. Although elimination of the HCV relieves EMs, the selection of antiviral drugs should be made with caution to avoid worsening EMs or cause adverse reactions. Therefore, in order to choose appropriate antiviral treatment, along with the stage of liver disease, the characteristics and severity of extrahepatic diseases should be evaluated. 122 Many studies have shown marked improvement of EMs upon eradication of HCV with peg-IFN and ribavirin. Evidence has included clearance of cryoglobulins, reduced IR, reduced stroke risk, resolution of dermatological EMs, improved HRQoL with improved work productivity, and reduced depression. 123, 124 In one Italian study on 44 patients, SOF was associated with regression of all vasculitis symptoms in 36%, and improvement of MC symptoms in 41% of patients. However, there was variation in the rates of improvement of various features of MC vasculitis. For example, purpura and kidney disease improved faster than fatigue and neuropathy. 125 More studies are needed to evaluate MC outcomes in patients who achieve SVR.
For lymphoproliferative disorders, antiviral treatment results in a hematologic response in up to 70% of patients in different studies. 126 Considering HCV-related renal disease, IFN-based treatment resulted in renal disease improvement but caused anemia. On the other hand, IFNfree regimes showed a serologic response with proteinuria decrease in more than 80% of patients, and with no need for erythropoietin. 127 A large cohort study including 2842 patients from Japan indicated that achievement of SVR was independently associated with a reduced risk for occurrence of T2DM, with 11% of SVR patients in comparison to 24% of non-SVR patients having developed glucose abnormalities in a 27-month follow-up. 128 HCV eradication also positively modified cardiovascular outcomes in HCV patients. One study from Taiwan found that treatment was associated with a 47% risk reduction for ischemic stroke and 36% for acute coronary syndrome in IFN-treated patients compared to untreated controls. 128 These results pointed out the fact that the stage of liver disease should not be the only parameter used to decide on antiviral therapy in patients with chronic HCV infection. Antiviral treatment was shown to improve HRQoL in patients achieving viral eradication with an improved neurocognitive function, such as attention and vigilance. 129 Furthermore, IFN-free treatment improved cutaneous manifestation with complete disappearance of LP in three out of seven patients after antiviral therapy. 130 
Conclusions
Chronic HCV infection can cause significant EMs and should be considered as a systemic disease rather than a single (liver) disease. It is important to emphasize that the severity of these disorders does not necessarily correlate with the severity of hepatic disease because even in cases of quietly active chronic hepatitis, a substantial interruption of health and quality of life can occur. Some investigations have shown that therapy of chronic HCV infection can result in resolution of extrahepatic disease or improvement in the function of affected organs, decreasing morbidity and mortality risks. Patients with systemic manifestations of HCV infection should have priority for IFN-free therapies. Therapeutic advances in the treatment of HCV have the potential to eliminate or improve HCV extrahepatic manifestations.
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